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with an aluminium frame, has beSn made for the Observatory 
at Kensington, and gives every satisfaction. The comparison 
spectrum used at Potsdam has been furnished by a Geissler tube 
placed directly in the cone of rays of the refractor, at a distance 
of 40 cm. from the slit, the tube being at right angles to the 
optical axis of the refractor and the slit. The slit is set parallel 
to the line of the diurnal motion, and width is given to the 
spectrum by making the driving-clock move slightly slower or 
faster than its proper rate. A uniform exposure of one hour has 
been employed, the proper intensity being obtained by changing 
the rate of the driving-clock, so that the error increases with in¬ 
crease of brightness. The photographs are measured with the aid 
of a microscope having a sliding apparatus on its table, movable 
by a fine micrometer screw. One revolution of the screw 
corresponds to a difference of wave-length of C324 which, 
expressed in miles per second, is I39'I3- After describing the 
methods of measuring the displacement of lines in stars of 
different types of spectra, Prof. Vogel brings together the 
results which have formed the subject of several previous com¬ 
munications. It is said that the probable error in the deter¬ 
mination of the radial velocity of a star of Class II. is ± I ’34 
miles per second, and for stars of Class I., i 2*31 miles. 
Measurements have been made independently by Prof. Vogel 
and Dr. Schemer, and each star has been observed on the 
average 3'3 times, wherefore it is concluded “ that the probable 
error of the definitive values for both spectral classes will 
amount to less than one mile.” A list of the observed veloci¬ 
ties of forty-seven stars will soon be published. The mean 
motion in the line of sight is to'6 English miles per second; 
six stars have a velocity less than 2 miles per second, and five 
greater than 20 miles, a Tanri heads the list with a velocity of 
about + 36 miles per second. Fifteen of the stars have a 
positive, and thirty-two a negative motion. 

Orthochromatic Plates for Astronomical Photo¬ 
graphy. —MM. Fabre and Andoyer photographed the eclipsed 
moon at Toulouse Observatory on November 13, 1891 ; and some 
of the pictures obtained were exhibited by them at the meeting 
of the Paris Academy of January 11, with a note on the 
method of production. Collodion-bromide and collodion- 
chloride plates were employed, both kinds being treated with 
eosin and cyanin to render them orthochromatic. The former 
kind of plate was found to be relatively more sensitive to red 
and yellow rays than the latter, although both were stained 
with the same dyes. It is proposed, therefore, to use collodion- 
bromide orthochromatic plates to obtain photographs of Mars, 
Jupiter and the red spot, and coloured stars. 


DREDGING OPERA TIONS IN THE EASTERN 
PACIFIC. 

HE Bulletin of the Museum of Comparative Zoology at 
Harvard College, published in June, contains three letters 
from Prof. Alexander Agassiz to the Hon. Marshall McDonald, 
United States Commissioner of Fish and Fisheries, on the 
dredging operations off the west coast of Central America to 
the Galapagos, to the west coast of Mexico, and in the Gulf of 
California. The operations, which were in charge of Prof. 
Agassiz, were carried on by the U.S. Fish Commission steamer 
Albatross, Lieutenant Commander Z. L. Tanner, U.S.N., 
commanding. 

I. 

Steamer “ Albatross ,” Panama , U.S. of Colombia, 
March 14, 1891. 

My dear Colonel McDonald, —We returned yesterday 
from our first trip. The route extended from Panama to Point 
Mala, and next to Cocos Island ; from there we ran in a 
southerly direction, then north-westerly to Malpelo Island, and 
back to the hundred-fathom line off the Bay of Panama. We 
spent several days trawling off the continental plateau of the 
Bay. This trip being rather in the nature of a feeler, I cannot 
tell you just what I think it means. But I believe I can to 
some extent conjecture probabilities from what has been 
accomplished. 

I have found, in the first place, a great many of my old West 
Indian friends. In nearly all the groups of marine forms among 
the Fishes, Crustacea, Worms, Mollusks, Echinoderms, and 
Polyps, we have found familiar West Indian types or east coast 
forms, and have also found quite a number of forms whose wide 
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geographical distribution was already known, and is now ex¬ 
tended to the Eastern Pacific. This was naturally to be ex¬ 
pected from the fact that the district we are exploring is 
practically a new field, nothing having been done except what 
the Albatross herself has accomplished along the west coast of 
North and South America. The Challenger , as you will re¬ 
member, came from Japan to the Sandwich Islands, and from 
there south across to Juan Fernandez, leaving, as it were, a 
huge field, of which we are attacking the middle wedge. As 
far as we have gone, it seems very evident that, even in deep 
water, there is on this west coast of Central America a con¬ 
siderable fauna which finds its parallel in the West Indies, and 
recalls the pre*Cretaceous times when the Caribbean Sea was 
practically a bay of the Pacific. There are, indeed, a number 
of genera in the deep water, and to some extent also in the 
shallower depths, which show far greater affinity with the 
Pacific than with the Atlantic fauna. Of course, further ex¬ 
ploration may show that some of these genera are simply genera 
of a wider geographical distribution ; but I think a sufficiently 
large portion of the deep-sea fauna will still attest the former 
connection of the Pacific and the Atlantic. 

I am thus far somewhat disappointed in the richness of the 
deep sea fauna in the Panamic district. It certainly does not 
compare with that of the West Indian or Eastern United States 
side. I have little doubt that this comparative poverty is due to 
the absence of a great oceanic current like the Gulf Stream, 
bringing with it on its surface a large amount of food which 
serves to supply the deep-sea fauna along its course. In the 
regions we have explored up to this time, currents from the 
north and from the south meet, and then are diverted to a 
westerly direction, forming a sort of current doldrums, turning 
west or east or south or north according to the direction of the 
prevailing wind. The amount of food which these currents 
carry is small compared with that drifting along the course of 
the Gulf Stream. I was also greatly surprised at the poverty 
of the surface fauna. Except on one occasion, when, during a 
calm, we passed through a large field of floating surface mate¬ 
rial, we usually encountered very little. It is composed mainly of 
Salpse, Doliolum, Sagittas, and a few Siphonophores—a striking 
contrast to the wealth of the surface fauna to be met with in a 
calm day in the Gulf of Mexico, near the Tortugas, or in the 
main current of the Gulf Stream as it sweeps by the Florida 
Reef or the Cuban coast near Havana. We also found great 
difficulty in trawling, owing to the considerable irregularities of 
the bottom. When trawling from north to south, we seemed 
to cut across submarine ridges, and it was only while trawling 
from east to west that we generally maintained a fairly uniform 
depth. During the first cruise we made nearly fifty hauls of the 
trawl, and, in addition, several stations were occupied in trawl¬ 
ing at intermediate depths. In my dredgings in the Gulf of 
Mexico, off the West Indies, and in the Caribbean, my atten¬ 
tion had already been called to the immense amount of vegetable 
matter dredged up from a depth of over 1500 fathoms, on the 
lee side of the West Indian Islands. But in none of the dredg¬ 
ings we made on the Atlantic side of the Isthmus did we come 
upon such masses of decomposed vegetable matter as we found 
on this expedition. There was hardly a haul taken which did 
not supply a large quantity of water-logged wood, and more or 
less fresh twigs, leaves, seeds, and fruits, in all possible stages 
of decomposition. This was especially noteworthy in the line 
from the mainland to Cocos Island, and certainly offers a very 
practical object-lesson regarding the manner in which that island 
must have received its vegetable products. It is only about 275 
miles from the mainland, and its flora, so similar to that of the 
adjacent coast, tells its own story. Malpelo, on the contrary, 
which is an inaccessible rock with vertical sides, and destitute 
of any soil formed from the disintegration of the rocks, has re¬ 
mained comparatively barren, in spite of its closer proximity to 
the mainland. 

The most interesting things we have found up to this time are 
representatives of the Ceratias group of Fishes, which the 
naturalists of the Albatross tell me they have not met before on 
the west coast of North America. The Crustacea have supplied 
us with a most remarkable type of the Willemoesia group. The 
paucity of Mollusks, and also of Echini, is most striking, 
although we brought up in one of the hauls numerous fragments 
of what must have been a gigantic species of Cystechinus, 
which I hope I may reconstruct. We were also fortunate 
enough to find a single specimen of Calamocrinus off Morro 
Puercos, in 700 fathoms, a part of the stem with the base, 
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showing its mode of attachment to be similar to that of the 
fossil Apiocrinidas. The number of Ophiurans was remarkably 
small as compared with the fauna of deep waters on the Atlantic 
side, where it often seems as if Ophiurans had been the first and 
only objects created. The absence of deep-sea corals is also 
quite striking. They play so important a part in the fauna of 
the deeper waters of the West Indies, that the contrast is most 
marked. Gorgonise and other Halcyonoids are likewise un¬ 
common. We have found but few Siliceous Sponges, and all of 
well-known types. Star-fishes are abundant, and are as well 
represented in the variety of genera and species as on the At¬ 
lantic side of the Isthmus. 1 may also mention the large num¬ 
ber of deep-sea Holothurians (Elasipoda) which we obtained, 
as well as a most remarkable deep-sea Actinia^ closely allied 
to Cerianthus, but evidently belonging to a new family of that 
group. We found the usual types of deep-sea West Indian 
Annelids, occasionally sweeping over large tracts of mud tubes 
in the region of green mud. Although we dredged frequently 
in most characteristic Globigerina ooze, I was much struck with 
the absence of living Globigerinse on the surface. Only on two 
occasions during a calm did we come across any number of 
surface Globigerince and Orbulinoe. On one occasion the trawl 
came up literally filled with masses of a species of Rbabdamina 
closely allied to R. lineata. Thus far, no pelagic Algse have 
been met with. 

It is interesting to note that at two localities we came across 
patches of modern greensand similar in formation to the patches 
discovered off the east coast of the United States by the earlier 
dredgings of the Coast Survey, of Pourlales, and of the 
Blake. Having always been more or less interested in pelagic 
faunse, and having paid considerable attention to its vertical 
distribution during my earlier cruises in the Blake , I was natu¬ 
rally anxious to reconcile the conflicting statements and expe¬ 
riences of the naturalists of the Challenger and Gazelle on one 
side, and my own observations on the other. Both Murray and 
Studer contended that, in addition to the deep-sea and pelagic 
faunae, there was what might be called an intermediate fauna, 
with characteristic species, having nothing in common with the 
other two; while I maintained, on the other hand, from my 
experiments in the Blake> that there was no such intermediate 
fauna, but that the pelagic fauna might descend to a consider¬ 
able depth during the daytime to escape the effects of light, 
heat, and the disturbing influence of surface winds, and that 
this surface fauna on the Atlantic side—off shore in deep water 
—did not descend much deeper than 150 to 200 fathoms. In 
order to test this point, Dr. Chun, under the auspices of the 
Naples Station, made an expedition to the Ponza Islands. Dr. 
Chun applied to a tow-net an apparatus for closing it, similar to 
the propeller in use on our thermometer and water-caps. He 
lowed to a depth of 1400 metres, if I am not mistaken, but 
never at any great distance from the mainland or from the 
islands of the Gulf of Naples, and came to the conclusion that 
the pelagic fauna existed all the way to the bottom. At the 
time, I considered his experiments inconclusive, and was, of 
course, anxious to repeat them in a strictly oceanic district, in 
great depths, and at a considerable distance from shore. I had 
an apparatus constructed by Ballauf, of Washington, similar to 
that used by Dr. Chun. Unfortunately, in testing it we found 
the pressure of the tow-net against the propeller shaft so great 
as to make the machine useless, or, at any rate, most unreliable. 
Thanks to the ingenuity of Captain Tanner, we overcame these 
obstacles.. He devised a net which could be closed at any depth 
by a messenger, and which: worked to perfection at 200, 400, 
300, and 1000 fathoms, and had the great, advantage of bringing 
up anything it might find on its way up above the level at which 
it was towed. The lower part of the bag alone was closed by 
a double set of slings pulled by two weights liberated from a 
bell crank by a messenger. We found that, in towing the net 
at 200 fathoms for twenty minutes, we got everything in any 
way characteristic .of the surface fauna w hich we had fished up 
with the tow-net at the surface. In addition to this, we brought 
jp five species of so-called deep-sea Fishes, Scopelus, Gonostoma, 
Beryx, and two others, which, had thus far been brought up in 
the trawl, and considered characteristic of deep water. Also a 
peculiar Amphipod, and the young of. the new species of Wille- 
moesia mentioned above. We then, tried the same net at 300 
and 400 fathoms, and in neither case did wearing up anything 
in the closed part of the bag, while the upper open part brought 
up just what we had. found previously at a depth of 200 fathoms, 
plainly showing: that in this district the surface fauna goes down 
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to a depth of 200 fathoms, and no farther. Next came our 
single attempt to bring up what might be found, say within 100 
fathoms of the bottom, and Captain Tanner’s net was towed at a 
depth of 1000 fathoms where the soundings recorded 1 ico. Un¬ 
fortunately, we deepened our water while towing only twenty 
minutes to over 1400 fathoms, so that we failed in our exact 
object. But we brought up in the closed part of the bag two 
species of Crustacea, a Macruran and an Anophipod,* both 
entirely unlike anything we had obtained before. I hope in the 
next cruise to follow this up, and determine also the upper limits 
of the free-swimming deep-sea fauna. In the upper part of the 
bag (the open part) we brought up a couple of so-called deep- 
sea Medusae, which must have been collected at a comparatively 
moderate depth, judging from their perfect state of preservation. 

I can hardly express my satisfaction at having the opportunity 
to carry on this deep-sea work on the Albatross . While of course 
I knew in a general way the great facilities the ship afforded, I 
did not fully realize the capacity of the equipment until I came 
to make use of it myself. I could not but contrast the luxurious 
and thoroughly convenient appointments of the Albatross with 
my previous experiences. The laboratory, with its ingenious 
arrangements and its excellent accommodations for work by day 
and by night, was to me a revelation. The assistance of Messrs. 
Townsend and Miller in the care of the specimens was most 
welcome, giving me ample time to examine the specimens during 
the process of assorting them, and to make such notes as X could 
between successive hauls, while paying some attention also to 
the work of the artist, Mr. Westergren, He has found his time 
fully occupied, and we have in this trip brought together a con¬ 
siderable number of coloured drawings, giving an excellent 
general idea of the appearance of the inhabitants of the deep 
waters as they first come up. These drawings can be used to 
great advantage with the specimens in making the final illustra¬ 
tions to accompany the reports of the specialists who may have 
charge of working up the different departments. . . . 

We left Panama on February 22, and returned to Panama 
after an absence of twenty days. 

II. 

“ Albatross ,” Acapulco , April 14, 1P9 1 * 

We have reached the end of our second line of explorations. 
After coaling w e left Panama, and reached Galera Point, where 
we began our line across the Humboldt Current, which was to 
give us a fair idea of the fauna of that part of the coast as far as 
the southern face of the Galapagos. With the exception of 
three good casts, the trawling on that part of the sea bottom 
proved comparatively poor, nor did the sea face of the southern 
slope of the Galapagos give us anything like the rich fauna I had 
expected. Theoretically, it seemed certain that a sea face like 
that of the Galapagos, bathed as it is by a great current coming 
from the south and impinging upon its slope, and carrying upon 
its surface a mass of animal food, could not fail to constitute a 
most favourable set of conditions for the subsistence and develop¬ 
ment of a rich deep-sea fauna. 

In the deeper parts of the channel between Galera Point and 
the southern face of Chatham Island, we found a great number 
of Elasipoda, among them several genera like Peniagone, Batho- 
dytes, and Euphrosyne, represented by numerous species. Th e 
Star-fishes of this, our second cruise, did not differ materially fro m 
those collected during our first trip, but we added some fiue 
species of Freyella, Hymen^ster, Astrogonium, Asterina, and 
Archasteridae to our collections. Among the Sea-urchins on 
two occasions we brought up fine hauls of a species of 
Cy^techinus with a hard test, many specimens of which were 
in admirable state of preservation. Among the Ophiurans 
nothing of importance was added, unless I may except a lot of 
Ophiocreas attached to a Primnoa, and a pretty species of 
Sigsbea attached to a species of Allopora, from the south side 
of Chatham Island. 

The Gorgonians were remarkably few in number, which is 
undoubtedly due to the unfavourable nature of the bottom we 
worked upon. Nearly everywhere except on the face of the 
Galapagos slope we trawled upon a bottom either muddy or 
composed of Globigerina ooze, more or less contaminated with 
terrestrial deposits, and frequently covered with a great amount 
of decayed vegetable matter. We scarcely made a single haul 
of the trawl which did not bring up a considerable amount of 
decayed vegetable matter,-and frequently logs, branches, twigs, 
seeds, leaves, fruits, much as during our first cruise. 
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Our Crustacean?, from the nature of the bottom, naturally 
consisted of the same groups of deep-sea types which we 
obtained before. I may, however, mention a haul containing 
a goodly number of Nephrops, a genus we had not previously 
obtained. 

Among the Worms the Maldanise and Limicolous types were 
unusually abundant at: some localities, the empty mud tubes 
often filling the bottom of the trawl. Some very large speci¬ 
mens of Trophonia were collected, and remarkably brilliantly 
coloured (orange and carmine) Nemerteans and Planarians. 

The Mollusks were very scanty, and the absence of Comatulse 
or other Crinoids was equally disappointing, even when trawling 
on the extension of the line started three years ago by the Alba¬ 
tross, on the eastern face of the Galapagos slope, when on her 
way from Chatham Island to San Francisco. We took up this 
line off Indefatigable Island, hoping to obtain from that quarter 
our best results, but our hauls were very disappointing. The 
ground proved not only most difficult to dredge upon, but also 
comparatively barren, and it was not till we got into the oceanic 
basin again, between the Galapagos and Acapulco, that our 
catches improved. But even then they were not to be compared 
wjth the hauls at similar depths in the Atlantic off the West 
Indies, or along the course of the Gulf Stream. 

Among the Fishes, our most important catches were fine speci¬ 
mens of Bathyonus, of Bathybrissa, of Bathypteroides, and a few 
specimens of Ipnops in excellent condition. 

From the nature of the bottom we naturally expected rich 
hauls of Siliceous Sponges, but we did not find many, and I do not 
think there were many novelties among those we have collected. 
On two occasions, a number of specimens of Ascidians were 
brought up; among them was a fine white translucent Corina^cidia. 

Among the Bryozoans, the most noteworthy haul was a 
number of beautiful specimens of the delicate Naresia, in ex¬ 
cellent condition. On the line from the Galapagos to Acapulco 
we brought up a good, many Foraminifera from the mud bottoms. 
On several occasions the bottom must have been covered with 
huge masses of a new type of an arenaceous Foraminifer, 
forming immense curling sheets attached by one edge to stones 
or sunk into the mud. This Foraminifer seems to increase in 
size by forming irregular more or less concentric crescent-shaped 
rings. When it comes to the surface, it is of a dark olive-green 
colour. 

During this second cruise we continued our experiments with 
the Tanner closing tow-net, in older to determine the lower 
limits of the surface pelagic fauna, and to determine also if there 
is any so-called intermediate pelagic fauna at other depths, or 
within a short distance from the bottom. 

On March 25, at a point not quite half-way between Cape 
San Francisco and the Galapagos, in 1832 fathoms of water, the 
Tanner net was sent down to tow at a depth which varied from 
1 739 1 ° 1 773 fathoms.. The net was towed within these limits 
for a period of something over twenty minutes. The messenger 
was then sent down to close the net; time occupied seven 
minutes. The net was then drawn up to the surface. The 
lower part of it was found to have closed perfectly, and contained 
nothing beyond a few fragments of leaves. The lower bag was 
carefully washed in water which had been strained, and the 
water examined with all possible care, and sifted again. It con¬ 
tained nothing. The upper part of the net, however, which had 
remained open on its way up, was found to contain the identical 
surface things which on former occasions we had found in the 
Tanner net down to a depth of 200 fathoms. They were a 
small species of Sagitta, and species of Doliolum, Appendi- 
cularia, a huge Sagitta, a large number of Leucifer and Sergestes, 
and several species of Schizopods and Copepods; two species 
of Hyperia, probably parasitic on a Salpa, which was also quite 
abundant ; several finely coloured Calanus, some Isopods, and a 
number of fragments of what must have been a very large Beroe, 
measuring from five to six inches in diameter; Leptocephalus, 
several specimens of Stomias, of Scopelus, of Melamphtes, and 
other species, many of which, like some of the Schizopods, had 
been considered as typical deep-sea forms. Among the so-called 
deep-sea Medusse, several specimens of Atolla and Periphylla 
were also found in the open part of the net. I may mention 
also as of special interest a huge Ostracod, allied to Crosso- 
phorus, with a thin semi-transparent carapace, and measuring 
somewhat more than one inch in length. The largest Ostracod 
previously known is not more.than one-third of an inch long. 
On two other occasions this same Ostracod was brought up in 
the tow-net from a depth of less than 200 fathoms. 
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The surface at this point was also examined with the tow- 
net, and the pelagic animals found to be the same as those brought 
up in the open part of the tow-net on its way from the bottom. 
The number both of species and specimens w r as, however, much 
less than in the Tanner net. On the following day the Tanner 
tow-net was sent to be towed at a depth of 214 fathoms. In 
twenty minutes the messenger was sent down and the net hauled 
up. The bottom part of the net came up tightly closed. Its 
contents were examined in the same manner as before in well 
sifted water, and the water was found to be absolutely barren, 
while the upper part of the net, which came up open, and was 
not more than.eight or nine minutes on the way, was well filled 
with surface life. The net contained this time a number of 
Hyalseas and Criseis, in addition to the things collected'the day 
before. An examination of the surface fauna at this same point 
with the tow-net showed the presence only in smaller numbers 
of the same species which the open part of the same net contained, 
except that there were a larger number of bells and fragments 
of Diphyes and of Cristalioides than in the Tanner net. The 
point at which this experiment was made was about 250 miles from 
the Galapagos, and about the same distance from Cape San 
Francisco. There were myriads of Nautilograpsus swarming 
on the surface of the water; they literally filled the surface tow- 
net. On two other occasions, once at a distance of 350 miles in a 
south-easterly direction from Acapulco (depth 2232 fathoms), 
we tried the same experiment with the Tanner net, and in¬ 
variably with the same result. The net was towed at a depth 
of 100, of 200, and of 300 fathoms, each time for twenty 
minutes, the messenger sent down, and the bottom part closed. 
At the depth of 100 fathoms, the closed part of the net con¬ 
tained practically the same things as the open part of the net; 
at 200 fathoms, the lower part of the net contained but few 
specimens of the surface life; and at 300 fathoms, the closed 
bottom net came up empty. 

On the following day the surface was carefully examined, and 
the tow-net sent to 175 fathoms, where it was towed for twenty 
minutes, and the messenger sent down to close it. The lower 
net came up well filled with the surface pelagic species, which 
on this day were unusually varied, it having been smooth and 
calm the previous night, and the morning before the towing was 
made. This haul was made in the evening, at 8 p.m. The 
previous hauls had been made at about 10 a.m., in a brilliant 
sunlight. Again, on April 11, about thirty miles south-east of 
Acapulco, in a depth of over 1800 fathoms, the Tanner net was 
sent to a depth of 300 fathoms, and the messenger sent down to 
close it. There was nothing in the lower part of the net which 
had been closed, while the open part contained an unusually 
rich assortment of surface species, and among them a large 
number of Scopelus, of Schizopods, and of Rhizopods, mainly 
Collozoun and Acanthometra. 

These experiments seem to prove conclusively that in the open 
sea, even when close to the land, the surface pelagic fauna does 
not descend beyond a depth of 200 fathoms, and that there is 
no intermediate pelagic fauna living between that depth and the 
bottom, and that even the free-swimming bottom species do not 
rise to any great distance, as we found no trace of anything 
within 60 fathoms from the bottom, where it had been fairly 
populated. 

The experiments of Chun regarding the distribution of the 
pelagic fauna have all been made in the Mediterranean, within 
a comparatively short distance from the shore, and in a dosed 
basin showing, as is well known, special physical conditions, its 
temperature to its greatest depths being considerably higher 
than the temperature of oceanic basins at the limit of 200 
fathoms, or thereabout, which we assume now to be the limit 
of the bathymetrical range of the true oceanic pelagic fauna. 
At 200 fathoms our temperature was from 49 0 to 53°, while, as 
is well known, the temperature of the Mediterranean soon falls 
at 100 fathoms even to about 56°, a temperature which is con¬ 
tinued to the bottom in this closed basin. Of course, if tem¬ 
perature is one of the factors affecting bathymetrical distribution, 
there is no reason except the absence of light which would 
prevent the surface pelagic fauna from finding conditions of 
temperature at the greatest depth similar to those which the 
surface fauna finds within the limit of 200 fathoms in an open 
oceanic basin. 

Arriving as we did at the Galapagos at the beginning of a 
remarkably early rainy season, I could not help contrasting the 
green appearance of the slopes of the islands, covered as they 
were by a comparatively thick growth of bushes, shrubs, and. 
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trees, to the description given of them by Darwin, who repre¬ 
sents them in the height of the dry season as the supreme 
expression of desolation and barrenness. Of course, here and 
there were extensive tracts on the sea-shore where there was 
nothing to be seen but blocks of volcanic ashes, with an 
occasional cactus standing in bold relief, or a series of mud 
volcanoes, or a huge black field of volcanic rocks, an ancient 
flow from some crater to the sea ; but as a rule the larger 
islands presented wide areas of rich fertile soil, suitable for 
cultivation. The experiments at Charles Island, where there 
is a deserted plantation, and at Chatham Island, where Mr. 
Cobos has under successful cultivation a large plantation pro¬ 
ducing sugar, coffee, and all the tropical fruits, as well as 
extensive tracts on which his herds of cattle, sheep, and donkeys 
roam towards the higher central parts of the island, show the 
fertility of these islands. They are indeed as favourably situated 
for cultivation as the Sandwich Islands or Mauritius, and there 
is no reason why, if properly managed, they should not in the 
near future yield to their owners as large returns as do those 
islands. 

I obtained from Mr, Cobos a piece of the so-called sandstone, 
said to occur on Indefatigable Island, and which of course I 
was most anxious to see, as the occurrence of true sandstone 
would have put quite a different face on the geological history 
of the Galapagos from the one usually received. This I found 
to be nothing but coral rock limestone, either a breccia, or 
slightly oolitic, identical with the formation found back of the 
beach at Wreck Bay on Chatham Island. I found there an old 
coral rock beach, extending on the flat behind the present 
beach, composed entirely of fragments of corals, of mollusks, 
and other invertebrates, cemented together into a moderately 
compact oolitic limestone, which when discoloured, as it often 
is, and turned gray, would readily be mistaken for sandstone. 
This coral rock is covered by just such a thin, ringing coating 
of limestone as characterizes the modern reef rock of other 
localities. On nearly all the islands there are a number of 
sandy beaches made up of decomposed fragments of corals and 
other invertebrates, and cemented together at or beyond high- 
water mark into the modern reef rock I have described. The 
coral is mainly made up of fragments of Pocillopora, which is 
found covering more or less extensive patches off these coral 
sand beaches, but which, as is well known, never forms true 
coral reef in the Panamic district. The only true coral reef 
belonging to this district is that of Clipperton Island (if we can 
trust the Admiralty charts), situated about 700 miles to the 
south-west of Acapulco. But neither at Cocos Island, nor at 
the Galapagos, nor anywhere in the Panamic district, do we 
find true coral reefs—nothing but isolated patches of reef¬ 
building coral. The absence of coral reefs in this district has 
of course already been noted by other naturalists, who have 
been struck by this feature in an equatorial region. Dana has 
ascribed it to the lower temperature of the water due to the 
action of the Humboldt current coming from the south, pouring 
into the Bay of Panama, and then flowing westward with the 
colder northerly current coming down the west coast of Mexico 
and Central America. From the investigations made this year by 
the Albatross , I am more inclined to assume that the true cause 
of the absence of coral reefs on the west coast of Central 
America is due to the immense amount of silt which is brought 
down the hill and mountain sides every rainy season, and which 
simply covers the floor of the ocean to a very considerable dis¬ 
tance from the land, the land deposits being found by us even 
on the line from the Galapagos to Acapulco at the most distant 
point from the shore to the side or extremities. The mud in 
Panama Bay to the hundred-fathom line is something extra¬ 
ordinary, and its influence on the growth of coral reefs is un¬ 
doubtedly greatly increased from the large amount of decomposed 
vegetable matter which is mixed with the terrigenous deposits. 

The course of the currents along the Mexican and the Central 
and South American coasts clearly indicates to us the sources 
from which the fauna and flora of the volcanic group of the 
Galapagos has derived its origin. The distance from the coast 
of Ecuador (Galera Point and Cape San Francisco) is in a direct 
line not much over 500 miles, and that from the Costa Rica 
coast but a little over 6co miles, and the bottom must be for its 
whole distance strewn thickly with vegetable matter. The 
force of the currents is very great, sometimes as much as 75 
miles a day, so that seeds, fruits, masses of vegetation harbouring 
small reptiles, or even large ones, as well as other terrestrial 
animals, need not be afloat long before they might safely be 
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landed on the shores of the Galapagos. Its flora, as is well 
known, is eminently American, while its fauna at every point 
discloses its affinity to the Mexican, Central or South American, 
and even West Indian types, from which it has probably origin¬ 
ated ; the last indicating, as well as so many of the marine types 
collected during this expedition, the close connection that once 
existed between the Panamic region and the Caribbean and Gulf 
of Mexico. 

I have already referred to the physiognomy of the deep-sea 
fauna, showing relationship on the one side to Atlantic and West 
Indian types, and on the other to the extension of the Pacific 
types, which mix with the strictly deep-sea Panamic ones. 
The western and eastern Pacific fauna, while as a whole pre¬ 
senting very marked features in common, yet also present 
striking differences. The vast extent of territory over which 
some of the marine types extend, through all the tropical part 
of the Pacific, may readily be explained from the course of the 
great western equatorial current and the eastern counter current, 
which cannot fail to act as general distributors in space for the 
extension of a vast number of marine Vertebrates and In¬ 
vertebrates. 

Mr. Townsend made quite a large collection of birds from 
Chatham and Charles Islands, considering the short time we 
were there. 

As soon as we have reached Guaymas, I shall be able to give 
you a better resume of the character of the deep-sea fauna of the 
Panamic region, and of its relationship on the one side to the 
Pacific fauna and on the other to the West Indian region. 

III. 

Guaymas , April 25, 1891. 

We left Acapulco on April 15 for our third cruise into the 
Gulf o' California, and steamed as far as Cape Corrientes with¬ 
out attempting to do any trawling. The character of the bottom, 
as indicated on the charts, promised nothing different from what 
we had dredged off Acapulco, and on the line from there to the 
Galapagos Islands. We made one haul off Cape Corrientes, 
bringing up nothing but mud and decomposed vegetable matter. 
This induced us to keep up the Gulf of California till we were 
off the Tres Marias. We there made several hauls, and ob¬ 
tained some Umbellulce, Pennatulse, Troehoptilum, Antho- 
ptilum, and a fine Antipathes, a few Comatulae, a large Astro- 
peeten, some fine specimens of Urechinus and of Sehizaster, a 
few Holothurians, Lophothuria, Trochostoma, and two species 
of Elasipoda, besides a few fragments of Gasteropods, with an 
empty shell of Argonauta. 

Among the Crustacea there came up the usual types found 
living upon muddy bottom, such as Glyphocrangon, Hetero¬ 
carpus, Notostoma, Pentacheles, Nemalocarcinus, Nephrops, 
together with species of Lithodes and of Munida. The usual 
types of Limicolous Annelid also were found here, Halinsecia, 
Terebella, Maldania, and the like, a few Ophiurans, Ophio- 
pholis, and Ophiocantha, a few fragments of Farrea, and a huge 
Hyalonema ot the type of H . toxeres. Among the Fishes there 
were a few Macrurans, Bathypteroides, Eycodes, and Malthe. 
The trawl was usually well filled with mud, and with the mud 
came up the usual supply of logs, branches, twigs, and decayed 
vegetable matter. 

On going farther north into the Gulf of California, the nature 
of the bottom did not change materially, and we found the 
trawling most difficult from the weight of the mud brought up 
in the trawl. But occasionally a haul was made which more 
than repaid us for the time spent on the less productive ones. 
Two of the hauls are specially worthy of mention, as being cha¬ 
racteristic of the deep-water fauna of the Gulf of California, one 
made in 995 fathoms, and the other in 1588 fathoms. We ob¬ 
tained in these hauls a number of Ophiomusium and Ophiocreas, 
some fine specimens of Sehizaster, a new genus allied to Palseo- 
pneustes, and also the same species of Cystechinus, with a hard 
test, and of Phormosoma, which we had obtained before on 
the line from the Galapagos to Acapulco. Beside these there 
came up a number of specimens of an interesting species of 
Pourtalesia, most closely allied to Pourtalesia miranda , the first 
type of the group dredged in the Florida Channel by Count 
Pourtales. 

The deeper haul was specially rich in Holothurians, among 
them a fine large white Cucumaria, some specimens of Trocho¬ 
stoma, several species of Bathodytes, some of them remarkable 
for their white colour, their huge size, and comparatively small 
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number of ventral tentacles. With these were numerous speci¬ 
mens of an interesting species of Euphronides. In this haul I 
was specially struck with the Elasipoda, and the great variety in 
the consistency of the skin in individuals of one and the same 
species ; it varied in different individuals from extreme tenuity 
to a comparatively tough gelatine-like consistency. On care¬ 
fully sifting the mud, we found a number of interesting Fora- 
minifera, and of delicate and minute Gasteropods and Lamelli- 
branchs, fragments of the shell of an Argonauta, and two species 
of a huge ribbed Dentalium. Among the Star-fishes were 
specially noticeable a large Brisinga, a long*armed Cribrella, 
and several species of Astropecten. The usual types of Worms 
were found in the mud at these greater depths. In addition 
to a number of Macruroids, we obtained a pink Amphionus, 
a large black Beryx-like fish, a fine Nettastoma, and a 
couple of species of Lycodes. The usual surface species of 
Stomias and of Scopelus also came up in the trawl. Among 
the Crustaceans were a fine lot of Arcturus, of Colossendeis, of 
Glyphocrangon, and of a Caridid with a deep blue patch on the 
base of the carapace, making the strongest possible contrast to 
the dark crimson colouring of the rest of the body. Blue is a 
very unusual colour in the deep-sea types, although the large 
eggs of some of the deep-sea Macrurans are often of a light blue 
tint. 

We brought up in the trawl at various times, and subsequently 
also in the Tanner net, from depths of less than 200 fathoms, the 
same gigantic Ostracod which I mentioned in one of my previous 
letters, several specimens of Atolia, ^and fragments of a huge 
Periphylla, which must have been at least 15 inches in diameter. 
Also a most interesting new type of Bougainvillia, remarkable 
for having eight dusters of marginal tentacles, but only four 
chymiferous tubes. 

We continued our experiments with the Tanner tow-net. On 
April 16, about 120 miles from Acapulco, we sent the net to tow 
at a depth of 175 fathoms, and after towing for about twenty 
minutes, sent the messenger to close it. On examining the 
bottom part of the net, which came up tightly closed, we found 
it to contain practically the same things as we obtained in the 
surface net at the same spot. 

On two occasions we sent the net to be towed at depths of 
800 fathoms and of 700 fathoms, the depths at these points 
being in one case 905 fathoms and in the other 773 fathoms. At 
the greater depth, the water shoaled somewhat while towing, as 
the closed part of the net came up partly filled with fine silt; 
while during the second haul, the twisting of the swivel wound 
the straps of the weights round the rope, and the net came up 
open, but must have dragged very close to the bottom, as it 
contained a fine specimen of Nettastoma, and some Penseids, 
which we supposed to be deep-sea types. Otherwise the net 
contained only the customary surface species of Sagitta, Ptero- 
pods, Copepods, Schizopods, Tunicates, and Fishes. These 
two hauls were made about the middle of the Gulf of California, 
at a distance of some fifty miles in a south-westerly direction 
from Guay mas. 

On April 23, a few hours before reaching Guaymas, we made 
one more attempt with the Tanner tow-net, at a depth of 620 
fathoms, sending the net to be towed at a depth of from 500 to 
570 fathoms. We found in this case in the bottom part of the 
net, which came up tightly closed, a Scopelus, a Penseid, and 
a Hyalea, while the upper open part of the net contained the 
same surface species we had obtained before. 

My experience in the Gulf of California with the Tanner self¬ 
closing net would seem to indicate that in a comparatively closed 
sea, at a small distance from the land, there may be a mixture 
of the surface species with the deep-sea bottom species, a condi¬ 
tion of things which certainly does not exist at sea in an oceanic 
basin at a great distance from shore, where the surface pelagic 
fauna only descends to a comparatively small depth—about 200 
fathoms—the limits of the depth at which light and heat pro¬ 
duce any considerable variation in the physical condition of the 
water. The marked diminution in the number of species below 
200 fathoms agrees fairly with the results of the National 
Expedition. 

The more I see of the Albatross the more I become convinced 
that her true field is that of exploration. She is a remarkably 
fine sea boat, and has ample accommodation for a staff of work¬ 
ing specialists such as would be needed on a distant expedition. 
The time will soon come when the Fish Commission will hardly 
care to continue to run her, and I can conceive of no better use 
for so fine a vessel than to explore a belt of 20° latitude north 
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and south of the equator fin the Pacific, from the west coast of 
Central America to the East Indian Archipelago. 

The success of the Albatross thus far has depended entirely 
upon the zeal, energy, intelligence, forethought, and devotion of 
Captain Tanner, if I may judge of the past by the present. He 
never spares himself, and he is always ready to make the most of 
the time at his disposal for the benefit of the special object he 
has in charge. He looks after every haul of the trawl himself, 
and will not allow anyone else to jeopard in any ■ way the 
material of the vessel, or the time it requires to make a haul. 
That responsibility he assumes himself, and it constitutes his 
daily work. In looking over the records of the Albatross during 
her voyage from New York to San Francisco, I am struck with 
the amount of work which has been accomplished. It would 
be but a just return to Captain Tanner if Congress would make 
the necessary appropriations to work up and publish all that he 
has brought together, not only on that cruise, but also what has 
been left untouched thus far of the immense collections made 
by him in the Caribbean, and off the east coast of the United 
States, to say nothing of his explorations in the Gulf of Cali¬ 
fornia, on the coast of California, on the coast of Alaska, and in 
the Behring Sea, from which he has accumulated endless and 
most interesting materia], which no other ship could get together 
unless she had another Tanner in command. 

We reached Guaymas on April 23, in the afternoon, and I 
parted from the ship with great regret, but more than satisfied 
with the results of this expedition. 

Allow me, in concluding, to thank you most cordially for 
having given me the opportunity to join the Albatross on this 
extended cruise, and for your kindness in urging the President 
to allow the vessel to be detailed for this work. 

As soon as it may become practicable, I shall send you a full 
resume of our work, accompanied with sketches of the Tanner 
tow-net and a detailed chart of the route we followed. 

Very respectfully yours, 

Alexander Agassiz. 


THE ORIGIN OF THE ASS, THE CAT, AND 
THE SHEEP IN CHINA. 

a recent meeting of the China Branch of the Royal Asiatic 
Society in Shanghai, Dr. Macgowan, a well-known 
Chinese scholar, read a paper on the probable foreign origin of 
the ass, the cat, and the sheep in China. He said that the 
Chinese, in their numerical co-ordination of concrete and abstract 
nature, give the “ six domestic animals ” as the horse, ox, goat, 
pig, dog, and fowl ; which seems to indicate that when that 
formula was framed, neither cat, sheep, nor ass had been 
domesticated there. When familiar beasts were selected to 
denote years of the duodenary cycle, to the “six domestic 
animals ” were added the rat, tiger, hare, dragon, serpent, and 
monkey, to complete the dozen, as if the ass, sheep, and cat 
were too little known to meet the object in view, which was 
the employment of the most familiar representations of animated 
nature for the duodendary nomenclature. Still more striking is 
the absence of the ass, sheep, and cat from the twenty-eight 
zodiacal constellations, which are represented by the best- 
known animals. 

With regard to the ass, there is ample reason to regard it 
as being excluded from the list of domestic animals 
because it was cot archaic. The hybrid mule is of com¬ 
paratively modern origin in China, dating back only about a 
score of centuries. A miscellany of the Sung era states that 
“ the mule was not seen during the Hsai, Shang, and Chou 
dynasties ; that it was a cross between the ass and horse from 
Mongolia. It is regularly bred in the north, and is worth in 
the market twice as much as the horse ; it is popularly reported 
that its bones are marrowless, which is the reason of its inability 
to produce its kind.” Again, it is recorded in a Ming cyclo¬ 
paedia : “ The mule is stronger than the horse, and is not a 
natural product of China ; in the Han era it was regarded as a 
remarkable domestic animal.” Is it likely that, if the ass existed 
during the three ancient dynasties, there was no crossing with 
the horse ? 

With regard to the cat, Dr. Macgowan proceeded to state 
that there was a quotation from a standard work which dis- 
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